Abstract Multiple observations suggest local control of renal function via an intrarenal renin-angiotensin system, including evidence for local angiotensin (Ang) II production. Our first goal was to examine renal tissue Ang I:Ang II relations to ascertain whether Ang II formation differs in the circulation and in renal tissue. We have recently shown an authentic Ang II/Ang I ratio of 1.5:1 in renal lymph, the opposite of the Ang II:Ang I relation in plasma. Our second goal was to examine the influence of maximal angiotensin converting enzyme inhibition on these relations in plasma and in renal tissue. We used two converting enzyme inhibitors with differing lipid solubility, on the premise that tissue penetration and action might differ on that basis. We measured Ang I and Ang II in plasma and renal tissue of rats given an intravenous dose of either vehicle, enalapril, or ramipril, over a wide dose range, from 0.1 to 10.0 mg/kg IV. Renal and plasma angiotensin concentrations were measured by high-performance liquid
A long-standing and widely held opinion that the renin-angiotensin system functions primarily as . an endocrine system 1 has been challenged, and there is growing interest in the contribution of local tissue renin systems to local angiotensin II (Ang II) formation, an autocrine or paracrine function. 2 " 4 In the special case of the kidney, interest in this possibility has been long-standing. 58 Several lines of evidence have favored a contribution of a local renin-angiotensin system in the kidney. These include the crucial location of the available angiotensin-converting enzyme (ACE) at the sites of renin formation and of the vascular action of angiotensin, 7 Ang II concentrations in the renal tissue fluids and lymph draining the kidney that are far too high to be accounted for on the basis of delivery by way of the arterial tree, 5 ' 6 ' 9 -10 and multiple additional observations that favor a major element of local production and action. 1123 Another approach to assessing the state of tissue renin-angiotensin systems has emerged with improvements in the methods for separation and measurement of angiotensin peptide and fragment concentration in tissues. 18, 19, 24, 25 Q n e g Oa j o f the present study was to ascertain whether the ratio of authentic Ang I 26 to Ang II in renal tissue resembled that in renal lymph, where Ang II concentration exceeds that of Ang I, 26 or in chromatography and radioimmunoassay. Whereas the Ang I concentration in normal rat plasma (273±84 fmol/mL) was over threefold the plasma Ang II concentration (83 ±12 fmol/ mL), the ratio was reversed in the kidney (Ang II 19 only a limited dose range was assessed, so it is not clear whether maximal blockade was achieved. Our second goal was to define the relation between two ACE inhibitors, ramipril and enalapril, and their influence on plasma and renal tissue Ang II concentrations. We used two different ACE inhibitors for two reasons: the first involved the generalizability of the observations; the second involved the possibility that differences in their ability to block tissue systems might be uncovered. Because of the confounding effects of angiotensin fragments on the measurement of immunoreactive Ang II, all assays were performed on HPLC-separated specimens for measurement of authentic plasma and tissue Ang I and Ang II concentrations.
Methods
Thirty-seven male Sprague-Dawley rats weighing 250 to 300 g were obtained from Charles River Laboratories. They were housed and cared for according to the guidelines of the Committee on Animals of the Harvard Medical School and those prepared by the Committee on Care and Use of Laboratory Animals of the Institute of Laboratory Animal Resources, National Research Council (DHHS publication No.
[NIH] 85-23, revised 1985). Rats were fasted for 18 hours before surgery but allowed free access to water.
On the day of the experiment, rats were anaesthetized with sodium pentobarbital (75 mg/kg IP) (Anthony Products Co) with a maintenance infusion of 0.20 mg/kg per minute for the duration of the experiment. The doses were chosen on the basis of a pilot study that revealed activity in the indexes of interest at the doses used and no response to a dose 10-fold lower (0.01 mg/kg). Thirty minutes later, an abdominal incision was made, both renal arteries were clamped, and the right kidney was removed within 20 seconds. The excised kidney was handed to a second worker for immediate homogenization. Approximately 3 mL of blood was drawn through the carotid artery line into tubes containing EDTA and immediately centrifuged at 2600 rpm in a Du Pont centrifuge at 4°C (New England Nuclear). The plasma was aspirated, transferred to a polypropylene tube containing 2 mL of 8 mol/L urea, and immediately frozen and stored at -70°C. The rat was then killed with intravenous pentobarbital.
Tissue Processing
Fresh tissue was homogenized immediately. After being weighed on a rapid electronic balance, the right kidney was blended on ice in 4 mL of 8 mol/L urea containing 0.1% Triton X-100 with a high-speed tissue homogenizer for 1 to 2 minutes (Biohomogenizer, Biospec Products). More complete homogenization was then accomplished in a 55-mL ice-cooled, motor-driven borosilicate glass vessel fitted with a serrated polytetrafluoroethylene pestle (Potter-Ervehjem homogenizer, Thomas Scientific). Urea, a chaotropic agent, disrupts enzymes into their respective subunits, thus rendering them inactive. As shown in Fig 1, urea effectively stabilized plasma angiotensin, which otherwise was metabolized rapidly. Eight milliliters of 80% methanol (Omnisotv, EM Science) was added to precipitate the already denatured proteins, including enzymes involved in angiotensin production and degradation. This mixture was centrifuged at 4°C at 3000 rpm in a tabletop centrifuge. The supernatant was collected and divided equally into polyethylene test tubes containing 50 /iL of 10% glycerol and placed in a SpeedVac concentrator overnight. The dried samples containing the angiotensin peptides dissolved in the 50 fiL glycerol were then ready for solid-phase extraction.
Sep-Pak C18 cartridges (3.0 mL, 500 mg) (Waters Associates) were loaded into a vacuum extractor system (Vac Elut SPS 24, Analytichem International) and activated by washing with 2.0 mL of 0.1% triethanolamine (TEA), followed by 2.0 mL of 80% methanol with 0.1 % TEA and an additional 4.0 mL of 0.1% TEA. The dried tissue sample was reconstituted in 4 mL saline, passed through the Sep-Pak C18 cartridge at 1.0 mL/min, and subsequently rinsed with 1.0 mL saline. Peptide elution was accomplished with 4.0 mL of 80% methanol. The collection tubes containing 50 fiL of 10% glycerol were placed in a SpeedVac drier overnight. Plasma samples were thawed and extracted in the same manner in preparation for highperformance liquid chromatography (HPLC). For assessment of the recovery of the extraction methodology, five samples of previously HPLC-purified tritiated Ang II were extracted on Sep-Pak columns and processed in an identical manner. The eluates were mixed with 4 mL scintillation fluid and counted. Recovery of tritiated Ang II was 75±5% using this extraction technique. Results presented are not corrected for these losses.
Peptide Measurement
Our HPLC and radioimmunoassay methodology for the measurement of angiotensin peptides in tissue other than kidney has been reported. 24 - 25 Briefly, the dried samples were reconstituted in 550 /iL of sample solvent (10 mmol/L sodium acetate, 10 mmol/L TEA, 5% methanol, 0.15 mol/L NaH 2 PO 4 , 10 mL assay buffer per 500 mL) and injected into a 3-jun C18 15 cmx4 mm column (Merck Sharp & Dohme). HPLC equipment consisted of an LKB 2150 pump with a dynamic mixer, a 2152 LKB controller, and a 2211 LKB fraction collector. Solution A contained 10 mmol/L TEA and 10 mmol/L sodium acetate adjusted to a pH of 6.2 before mixing with methanol to a final concentration of 30%. Solution B was prepared similarly except that it contained 80% methanol. The following gradient was used: 0 minutes, 0% B; 5 minutes, 14% B; 30 minutes, 14% B; 35 minutes, 20% B; 50 minutes, 40% B; 65 minutes, 54% B; and 80 minutes, 54% B. The flow rate was 0.55 mL/min. One-minute fractions were collected in test tubes containing 50 nL of 10% glycerol and 150 fiL of 50% assay buffer and were subsequently dried overnight. Elution times and their standard deviations of the angiotensin peptides were determined by repeated injections of 4-nmol aliquots of the synthetic peptides into the HPLC apparatus and recording the absorbance with a spectrophotometer tuned to 214 nm and connected to a computer loaded with the CHROMATOCHART software package (R. Maciel Inc). The Ang II elution time was checked periodically with tritiated Ang II and also by observing the visible elution time of phenol red, which was consistently 2 minutes ahead of the Ang II with this gradient. With the use of this gradient the elution times of the various peptides tested -peptide 4-8, Ang II, peptide 1-9, peptide 3-8, Ang III, Ang I, and des-Asp Ang I-were consistent and the peptides well separated (Fig 2) . HPLC recovery was analyzed using five duplicate HPLC-purified, tritiated Ang II samples. Eluates contained 94±3% of the ^-activity seen in so their duplicate counterparts that were not subjected to HPLC. Results are not corrected for these losses. Radioimmunoassay was performed on the dried HPLC eluates. Standards were prepared the day before by serial dilutions of premeasured aliquots of Ang I and Ang II (Peninsula Laboratories) mixed in polyethylene tubes containing 50 jiL glycerol and dried in a SpeedVac concentrator overnight. The Ang II radioimmunoassay was performed on fractions 27 through 62 by addition to the tubes of 2500 cpm of 125 I-Ang II tracer (Du Pont-New England Nuclear) dissolved in 50 jiL of a 50% buffer solution (0.05 mol/L K 2 HPO 4) 0.003 mol/L EDTA, 0.02% sodium azide, 0.01% Triton X-100, and 2.5 mg/mL radioimmunoassay-grade bovine serum albumin) and 100 fiL of the 50% buffer solution containing rabbit anti-Ang II antibody (Arnel). The concentration of the antiAng II antibody was carefully adjusted to yield a 35% to 40% specific binding after incubation with the tracer solution for 48 hours. This antibody exhibited 100% cross-reactivity with Ang II and Ang III but only 0.1% cross-reactivity with Ang I. Similarly, 50 fih of the 50% buffer solution containing 2500 counts of 125 I-Ang I was mixed with 100 /iL of solution containing rabbit anti-Ang I antibody in tubes containing fractions 63 through 80, which contain the Ang I and des-Asp Ang I. The anti-Ang I antibody had 100% cross-reactivity with the des-Asp peptide. The samples were incubated for 48 hours at 4°C. Donkey anti-rabbit IgG magnetic separation reagent (200 jiL) was added. Fifteen minutes later the samples were placed on magnetic test tube holders (Amersham International). After 10 minutes the supernatants were decanted. The pellet was washed with 750 fxL of solution containing 0.1% gelatin, 0.01% Triton X-100, 0.05 mol/L NaCl, 0.10 mol/L MgC, and 0.02% sodium azide. Ten minutes later the tubes were decanted again.
The radioactivity of the pellets was recorded for 3 minutes with a Micromedic 4/200 gamma counter coupled to an IBM AT computer loaded with RIA-AID software (R. Maciel Inc). Counts were converted to angiotensin concentration values using this software. With this method, the limit of detection (BQ±2 SD) was 0.2 fmol per tube. The sensitivity for detection of Ang I and Ang II in plasma was 0.7 fmol/mL. The nonspecific binding was routinely less than 1%. The PEAKFTT software package (Jandel Scientific) was used to analyze the area under each peak for calculation of the total angiotensin peptide per sample.
Statistical Analysis
Mean values are presented with the SEM as the index of dispersion. The index of angiotensin conversion was calculated as Ang II/(Ang I+Ang II) to follow the mass action equation. ANOVA was used to assess each dose-response relation for blood pressure and plasma and tissue Ang II concentrations. Dunnett's / test, a form of ANOVA, was used for comparisons with baseline blood pressure. Student's t test was then used to ascertain whether statistically significant differences occurred at any dose. Nonparametric analysis with the Wilcoxon rank sum test was used to assess responses when a normal distribution of the data was doubtful. The null hypothesis was rejected at a value of P<.05.
Chemicals
Enalapril was kindly provided by Merck Sharp & Dohme and ramipril by Hoechst Pharmaceuticals. Methanol Omnisolv was obtained from EM Science. Potassium phosphate, gelatin, EDTA, Triton X-100, and magnesium chloride were purchased from Serva Biochemicals. Sodium azide, bovine serum albumin, sodium acetate, urea, and sodium chloride were purchased from Sigma Chemical Co.
Results
Six rats treated with vehicle remained stable throughout the experimental procedure without any change in their mean blood pressures, whereas treatment with ramipril or enalapril lowered blood pressure significantly (Table 1) . Thirty minutes after the intravenous bolus of the 0.1 mg/kg dose of either ACE inhibitor, mean blood pressure remained 14 mm Hg below the pretreatment baseline (P<.01). The 1.0 mg/kg dose of either ACE inhibitor lowered mean arterial blood pressure further, by 20 mm Hg (P<.01). The highest dose of ACE inhibitor, 10.0 mg/kg, resulted in a small but unambiguous further decline in blood pressure, both at the nadir and at 30 minutes (P<.0l). The two drugs were equipotent in their ability to lower blood pressure, with no significant difference in the observed fall in blood pressure at any dose or time (Table 1) . Plasma Ang II concentration in the vehicle-treated rats was 83.2 ±12.1 fmol/mL (Fig 3) and fell significantly (/><.001) to an essentially identical level with the lowest dose (0.1 mg/kg) of enalapril (33.0±1.7 fmol/mL) and ramipril (31.3±3.6 fmol/mL). Increasing the ACE inhibitor dose 100-fold induced a small further decrement (/ > <.01; Fig 3 and Table 2 ), but there was no significant difference in the ACE inhibitor-induced fall in plasma Ang II concentration at any dose of ramipril or enalapril.
The Ang II concentration in renal tissue of vehicletreated rats was 178±12 fmol/g (Fig 4) , substantially higher than the plasma concentration. Both ACE inhibitors induced a dose-related fall in renal tissue Ang II concentration, with an essentially identical response to the maximal dose (10 mg/kg) of enalapril (60±12 fmol/g) and ramipril (56 ±6 fmol/g) used in this study (Fig 4 and april induced no change in renal tissue Ang II concentration (178±24 fmol/g), whereas ramipril induced a large fall (104±17 fmol/g, P<.025). For the entire dose-tissue response, the two agents differed (P<.025) despite convergence at the highest doses. In vehicle-treated rats the plasma Ang I concentration (273 ±84 fmol/mL), as anticipated, was substantially higher than the plasma Ang II concentration, so that the ratio was more than 3:1 (3.3 + 1.9, Table 2 ). Conversely, in renal tissue the concentration of Ang I (90.8±3.4 fmol/g) was lower than that of Ang II (178±12 fmol/g), so that the ratio was reversed (0.51 ±0.05, P<.01; Fig 5 and Table 2 ). During ACE inhibition, the Ang I concentration showed the anticipated rise (Table 2) . At the 0.1 mg/kg ramipril dose, effective in reducing renal tissue Ang II concentration, renal tissue Ang I concentration rose significantly (P<.01, Table 2 ). The ratio of Ang I to Ang II reversed, from 0.51±0.05 to 2.8±1.1 (P<.0l). The identical enalapril dose, 0.1 mg/kg, failed to alter renal tissue Ang II, but renal tissue Ang I concentration was increased significantly (P<.01, Table 2 ), so that the ratio of Ang I to Ang II was reversed (1.3±0.7, Table 2 ). Although increasing ACE inhibitor doses reduced tissue Ang II concentration further, they had no further influence on renal tissue Ang I concentration. The peak Ang I renal tissue concentration achieved occurred with the 10 mg/kg doses (243±52 fmol/g for ramipril and 257±81 fmol/g for enalapril, about a threefold rise). Thus, the ratio of Ang I to Ang II rose progressively to an identical maximum, 4.3+0.8 for ramipril and 4.3±2.7 for enalapril, at the highest dose. From the Ang I and Ang II concentrations one can calculate conversion rate index. The conversion rate index in kidney (0.66±0.12) was more than twice that in plasma (0.30±0.077, P<.01; Table 2 ). ACE inhibition dropped the conversion rate index in the circulation to less than 10%, with no indication of a difference between the two inhibitors and no evidence of a doseresponse relation over the dose range assessed. In the renal tissue, on the other hand, conversion was more resistant to ACE inhibition, and a difference between the ACE inhibitors appeared at the lower doses. With 0.1 mg/kg enalapril, renal tissue Ang II level was unchanged (178±12 versus 178+24 fmol/g), but Ang I levels rose strikingly (91±3.4 versus 231±56 fmol/g, P<.01), accounting for the change in calculated conversion rate (Table 2, P<.01).
Discussion
Recent advances have made the measurement of authentic Ang I and Ang II with reasonable fidelity possible not only in plasma and other body fluids but also in tissue. These techniques allowed us to confirm in this study a number of observations, including the substantially higher Ang II concentrations in renal tissue than in plasma and the ability of ACE inhibitors to reduce not only plasma but also tissue Ang II concentration. A number of novel observations were also made. Although Ang I concentration was substantially higher in plasma, the ratio was reversed in renal tissue, confirming and extending a recent observation we have made in lymph. 26 Although ACE inhibition was undeniably effective in reducing both plasma and renal tissue Ang II concentrations, both ACE inhibitors used were substantially less effective in the tissue than in the vascular compartment until very large doses were used. The two ACE inhibitors induced an identical maximal reduction in plasma and renal tissue Ang II concentrations. At maximal response, substantial residual Ang II was present. Moreover, despite a similar relation between dose and influence on plasma Ang II level, the two ACE inhibitors used demonstrated very different dose-response relations in the renal tissue. Each of these observations merits discussion, but only after consideration of technical factors.
Measurement of renal tissue Ang II concentration reflects recent technical innovation, and broad agreement has not yet been reached on the ideal approach. During the interval when the methods used in this study were being developed, Fox et al 18 reported a similar experience with the trade-offs that exist. Although it would be preferable to use unanesthetized animals, harvesting the kidneys after a guillotine procedure followed by rapid freezing of the tissue for later processing, in agreement with Fox et al, 18 we found that even apparently minor variation in the time required to harvest and freeze the tissues led to an unacceptable level of variability. For that reason, we adopted an approach similar to theirs. Rapid tissue handling is necessary to prevent massive Ang II production and degradation. To reduce further this problem, we used 8 mol/L urea as a chaotropic agent to limit angiotensin metabolism.
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Not only did anesthesia and surgery to harvest the kidneys activate the renin system, the studies were performed after an overnight fast, a maneuver that induces a state of sodium balance in which renal excretion of sodium falls to very low levels and the renin system is activated. 2829 The plasma and renal tissue Ang I and Ang II concentrations reported in the present study represent an activated system.
Over the 100-fold dose range of the two ACE inhibitors used, both blood pressure and plasma Ang II concentration showed an essentially identical response. The lowest dose, 0.1 mg/kg, induced a near nadir in both plasma Ang II concentration and blood pressure. Increasing the dose 100-fold produced only a small additional parallel response of both blood pressure and plasma Ang II. The top dose used, 10 mg/kg, is the highest ramipril dose that can be given in a convenient volume. The findings suggest that the acute depressor response to the ACE inhibitors reflected primarily the fall in plasma Ang II level and not their action in tissues.
At the highest ACE inhibitor dose used, plasma and especially tissue Ang II levels remained well above threshold sensitivity. Complete blockade of Ang II formation clearly had not been achieved. Others have described a fall in plasma Ang II levels to below the threshold of detection with ACE inhibition. 30 Whether the difference reflects the conditions of our experiment, in which the renin-angiotensin system was activated, or technical differences in measurement cannot be determined. Another potentially relevant variable is the duration of exposure to the ACE inhibitor, which was limited to 30 minutes in this study. In the study by Fox et al, 18 the exposure to enalaprilat by bolus followed by infusion in a dose near the midpoint of the range used in this study resulted in a 78% reduction in plasma Ang II levels, a 75% decrease in renal Ang II concentration, and approximately a 2.8-fold increase in renal Ang I content in 1 hour. In the study by Campbell et al, 19 rats were exposed to the ACE inhibitor perindopril for 7 days. At the end of this period of exposure, intrarenal Ang II concentration fell to approximately 14% of control. Thus, the available data suggest that the duration of exposure is not the crucial variable limiting the fall in plasma and tissue Ang II levels after ACE inhibition. Campbell et al 19 reported that tissue Ang I levels failed to increase with prolonged ACE inhibition, whereas we found a sharp rise even with the lowest ACE inhibitor doses used in this short-term study, as anticipated. Prolonged ACE inhibition and reduced Ang II formation could have led to a reduction in angiotensinogen production in the long-term study and thus a fall in Ang I.
One hypothesis that we tested was that two ACE inhibitors might differ in their capacity to inhibit the tissue system, reflecting different chemical and functional characteristics. To test this hypothesis with agents that must differ at least somewhat in potency, we used a wide range of ACE inhibitor doses to identify a range that induces an identical reduction in circulating Ang II concentration and the maximal response. With the lowest dose of the ACE inhibitors used, 0.1 mg/kg, there was an identical fall in plasma Ang II concentration, to near nadir levels, and yet a strikingly different fall in the tissue Ang II level. With increasing doses, as anticipated, that difference disappeared. In agreement with these observations, Richler et al 31 compared the influence of ramipril and enalapril on renal blood flow in rats after 8 days of treatment; despite an equivalent blood pressure fall, ramipril was more effective at increasing renal blood flow. That observation suggests a functional parallel to the differences in tissue Ang II concentration in the present study and that the difference might be sustained over time.
ACE inhibitors have a wide range of physical and chemical characteristics 3040 that could lead to differences in their ability to act in tissues. Among the possible determinants of tissue ACE inhibitor activity, prodrug activation by kidney esterases, variation in tissue penetration based on lipophilicity, differing affinity of the agents for the ACE enzyme, and tightness of binding are all attractive candidates. We chose ramipril and enalapril for this study in part because of their similarities (both are prodrugs with a rather small difference in their potency) and because of their differences. Ramipril is more lipophilic at physiological pH and tends to show tighter binding. 38 Whether these features account for the difference in their action at the tissue level cannot be ascertained from this study.
Most ex vivo studies using either fluorometric spectrophotometry or autoradiography have demonstrated complete inhibition of tissue ACE activity by a variety of ACE inhibitors at the high end of their dose range. 3437 Direct measurement of tissue angiotensin provides an alternative estimate of their effectiveness in vivo. Indeed, the relation between Ang I and Ang II might be the most accurate approach to assessing ACE activity. 41 Even at the highest dose of ACE inhibitors, tissue Ang II formation was not abolished. Several possibilities exist to explain this discrepancy with the ex vivo findings. Tissue homogenization when chemical assay is used for the in vitro ACE study may expose the ACE inhibitor in tubular fluid, destined for excretion, to an active site not reached in vivo. In the case of radioautographic localization, ACE in compartments that cannot be reached easily by way of blood vessels might not participate, although it is capable of generating Ang II. Moreover, many of the ex vivo findings rely on the Hip-His-Leu peptide cleavage by ACE. Although the K m values are of the same magnitude, they are not identical. Pathways that bypass ACE in the formation of Ang II have been described. 42 In Ang II-producing cells, for example, the angiotensin-producing pathway could be separated from other pathways containing enzymes capable of converting Ang I to Ang II or generating Ang II directly. Yet pathways normally separated may intermingle during homogenization. The problem may be complicated further by the time required for ACE assay, which could lead to dissociation of the inhibitor and new enzyme synthesis. 43 Preformed Ang II in storage granules would not be affected. A more prolonged period of ACE inhibition could resolve this issue, although the study by Campbell et al 19 does not suggest that prolonged exposure to an ACE inhibitor will, even at high doses, abolish Ang II formation. Finally, technical difficulties remain in the radioimmunoassay, in which it is more difficult to resolve signal and noise as the Ang II levels approach zero.
Our finding of the distinctly different ratio of Ang I to Ang II in tissue and plasma in this study agrees with published data 1819 and our earlier finding of a high ratio of Ang I to Ang II in renal lymph and superfusate. 26 In all of these studies, authentic Ang I and Ang II were measured by an identical HPLC separation followed by radioimmunoassay. An identical pattern in renal tissue and renal lymph suggests that lymph reflects the tissue compartment more than it does events in plasma. Probably related is the finding of a very high renal tissue Ang II level in this study, which in the light of findings from metabolic clearance studies 2023 suggests that local intrarenal Ang II production is very high. The precise location of the compartment in which the Ang II generation occurred was not determined, but immunocytochemical observations suggest that much of the generation occurs in the juxtaglomerular region. 23 The possibility of intracellular generation of Ang II merits consideration.
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The excessive Ang II relative to Ang I in renal tissue relative to plasma might reflect the storage of the octapeptide in an intracellular compartment. Should this be the case, the assumption implicit in the calculation of conversion rates, that Ang I and Ang II communicate freely, would have been violated. At the moment, the compartments invoked in this discussion are a heuristic device; an anatomic equivalent must account for the barrier that accounts for the differential influence in tissue of the two ACE inhibitors used in this study.
We have demonstrated a graded dose-related inhibition of renal tissue Ang II formation by two different ACE inhibitors. Despite equal inhibition of the circulating hormonal system, ramipril inhibited the tissue intrarenal Ang II formation at a lower dose than did enalapril. ACE inhibitor doses 100-fold higher induced an identical maximal reduction in plasma and renal tissue Ang II concentrations that was still well above zero. Complete inhibition of Ang II formation cannot be achieved. Although the explanation for the difference at lower doses is not clear, the possibility that lipophilicity and binding affinity contribute is compatible with the known chemistry of the agents. A difference in tissue efficacy, despite an identical reduction in plasma Ang II concentration, potentially provides an approach to dissecting the relative contribution of plasma and tissue Ang II concentrations to renal perfusion and function.
